Background
Increasing prevalence of morbid obesity has augmented the demand for bariatric surgery, which is so far the most effective and durable therapy for the treatment of morbidly obese patients [1] . Deep vein thrombosis (DVT) and pulmonary embolism (PE) are the major risk factors of mortality after bariatric surgery [2] [3] [4] ; venous thrombosis of mesenteric vessels may also contribute to significant morbidity [5] . Although the risk of postoperative DVT following bariatric surgery does not exceed 2% in most studies, there are currently no strategies to identify individuals who have the highest risk for DVT [3] . Diagnosis of DVT in morbidly obese patients is a challenging clinical task because a considerable proportion of cases remains asymptomatic [4] . To date, there are different prophylactic strategies available for prevention of DVT; however, optimal personalized prophylactic regimes in individual patients are yet not defined [5, 6] . Anticoagulation with low molecular weight heparin, anti-factor Xa inhibitors, and unfractionated heparin are widely used in bariatric surgery for prevention of DVT and PE, but appropriate dosing of anticoagulation is still controversial [7] . Furthermore, the risk of DVT among morbidly obese patients undergoing bariatric surgery appears to persist despite the use of aggressive prophylactic anticoagulation therapy [3] . Identification of individuals with increased risk for DVT is also crucial for the balance between DVT prevention and the risk of bleeding, which is another major complication of bariatric surgery [8] .
The pathogenesis of hypercoagulability in obese individuals is a target of many research groups [9] . Recently, many different and complex changes in plasma coagulation factors have been described in patients with obesity [10] . Obesity is linked to elevated expression of the prothrombotic molecules plasminogen activator inhibitor-1 and tissue factor (TF) and increased platelet activation [9] . A significant increase in median levels of circulating microparticles was observed in obese patients compared to controls, including annexin V-MP, endothelial-derived, leukocyte-derived, and tissue factor bearing MP compared to controls [11] . The same study also showed that obese patients had a significantly higher median peak thrombin and increased median endogenous thrombin potential compared to controls [11] . The same group of researchers has shown that after sleeve gastrectomy, the decrease of BMI in morbidly obese subjects was matched with a decrease of circulating microparticles of endothelial, platelet, and leukocyte origin [12] .
Thromboelastography (TEG) is used to monitor viscoelastic properties of blood clots, from formation to lysis [13] . Over the last decade, TEG has gained significant importance in the management of high-risk bleeding populations, liver transplantation, and certain other clinical conditions [14] . Although TEG is mostly used to monitor hypocoagulability states, recent evidence shows the importance of TEG in evaluation of hypercoagulability in the perioperative setting [15, 16] . Thromboelastography has recently gained wide scientific attention in obesity and hypercoagulation trends observed in these individuals. A clear relationship between hypercoagulability detected by whole-blood thromboelastometry and aggregometry and increased fat mass has been shown [10] . Several studies addressed the role of hypercoagulability monitoring in the perioperative period of bariatric surgery [17, 18] . A recent systematic review about hypercoagulable state and TEG indicated that further studies are needed to determine the ultimate role of this method for prediction of hypercoagulable states and postoperative thrombosis [19, 20] . The aim of this study was to determine hypercoagulability states in obese patients undergoing bariatric surgery and to assess the alterations of coagulation parameters in the perioperative setting using TEG. We selected the cutoff values of TEG parameters for defining hypercoagulability based on the studies discussed above [15, 17, 21] . We also evaluated the potential of clinical and standard laboratory tests to predict hypercoagulable states in patients referred to bariatric surgery.
Material and Methods

Study population
Sixty consecutive patients undergoing laparoscopic bariatric surgery (gastric bypass or gastric plication) were recruited at the Department of Surgery, Lithuanian University of Health Sciences Hospital from October 2014 to June 2015. All the patients underwent general anesthesia in normothermal conditions and were given standardized thromboembolic prophylaxis with 500 ml 6% Dextran 70 (Fresenius, Poland) after induction of anesthesia and Fraxiparine 0.3 ml sc (GlaxoSmithKline, Poland) starting in the morning of POD1 until discharge from the hospital. Detailed clinical characteristics of the study population are provided in Table 1 . We excluded patients on anticoagulation therapy, as well as those with chronic kidney/liver failure, coagulation disorders (liver cirrhosis, known hematological, or hereditary coagulation disorder), previous history of DVT, or using oral contraception. The patients were followed for clinically evident thrombotic complications for 1 year after the study by arranging clinical appointments 1 month and 1 year after the surgery. All patients signed an informed consent form to participate in the study. The study was approved by the regional Kaunas Ethics Committee (BE-2-10).
Thromboelastography measurements
Thromboelastography was performed using the TEG ® 5000 Thromboelastograph ® Hemostasis Analyzer System (Braintree, USA). Thromboelastographic alterations were assessed at 4 time points: at baseline prior to induction of anesthesia, immediately after the end of the surgery, and on the morning of postoperative days 1 (POD1) and 2 (POD2).
The following parameters of thromboelastography were assessed: r-time (reaction time, min.; normal range [NR]: 5-10); k-time (clotting time, min; NR: 1-3); a-angle (degrees; NR: 53-72); MA parameter (maximum amplitude, millimeters; NR: 50-70); and G (clot strength, dynes per square centimeter; NR: 4.6-10.9). All TEG measurements were performed as described previously [18] . Briefly, mixing 1 ml of citrated blood with kaolin by an inversion technique was performed by the physician conducting TEG. Then, 20 μl of 0.2 M calcium chloride was added to the plain TEG cup, followed by 340 μl of the blood/kaolin mix.
Statistical analysis
Data normality was assessed using Kolmogorov-Smirnov test. Data (age, BMI, coagulation parameters, and TEG values) are presented as mean values and standard deviation (SD). Means were compared using paired or unpaired t tests, as appropriate. Qualitative variables were compared using the chi-square or
Fisher's exact test, as appropriate. Spearman correlation analysis was performed to determine the correlation between clinical or standard laboratory test values (CRP, ESR, D-dimers, and fibrinogen) and TEG parameters. Receiver operating characteristic (ROC) curve analysis was performed to determine optimal fibrinogen levels for prediction of hypercoagulable states G ³11 dynes/cm 2 and MA ³68 mm. P<0.05 value was considered to be statistically significant. Statistical analysis was performed using the SPSS 20.0 software package (Chicago, IL).
Results
Characteristics of the study group
The study included 60 consecutive patients (18 males and 42 females) referred to bariatric surgery, with a mean age of 39.1±11.9 years (age range 18-62) and a mean BMI of 47.5±8.5 years (BMI range 34.3-84.9). The mean duration of surgical procedure was 91.4±20.0 min. Gastric bypass surgery was performed in 38 (63.3%) patients and gastric plication in 22 (36.7%) patients. Twenty-one patients (35%) were active smokers at the time of the surgery, and 39 patients (65%) had previous diagnosis of arterial hypertension. We followed all our patients for clinically evident thrombotic complications for 1 year after the study and none of them had thrombotic events during the follow-up period (data not shown). A summary of patients' characteristics is presented in Table 1 .
Preoperative hypercoagulability rates determined by TEG
Forty-six patients (76.7%) had G parameter <11 and 14 patients (23.3%) exhibited hypercoagulability prior to surgery, as defined by G value ³11 (Table 1) . Comparison of clinical parameters and standard laboratory tests between the 2 groups (G <11 vs. G ³11) did not reveal significant differences in BMI and CRP levels ( Table 1) . The age of patients in the G <11 group was lower (37.8) than in the G ³11 group (43.6), but the difference was not significant (p=0.117). The only parameter that was significantly higher in the G ³11 group compared to the G <11 group was fibrinogen levels, which were 4.23 and 3.8 g/l, respectively (p=0.021; Table 1 ). Among all study participants, 17 patients (28.3%) had MA ³68 mm and 43 patients (71.7%) had MA <68 mm. Patients with MA ³68 were significantly older (44.2 years) than in the group of patients with MA <68 mm (37.1 years; p=0.046; Table 1 ). Fibrinogen levels were also higher in the hypercoagulable group (MA ³68 mm) than in the remaining subjects with MA <68 mm ( Table 1, Mean values of TEG parameters in the perioperative period of study participants are summarized in Table 2 . There was an increase in r-time from preoperative levels (6.74 s) to POD1 (6.96 s), but it reached significance only at POD2 (7.43 s, p=0.022; Table 2 ). K-time and a-angle remained at levels similar to the initial TEG results recorded on POD1 and POD2 ( Table 2 ). There was a trend towards hypercoagulability and higher values of MA and G compared with initial TEG values and results obtained on POD2; however, the differences were not significant ( Table 2) . Dynamics of fibrinogen and D-dimer during the perioperative period are also presented in Table 2 . There was a significant increase in D-dimer levels in the postoperative period after bariatric surgery. Average fibrinogen levels also increased significantly from basal values prior to surgery, from 3.90 to 4.16 g/l on POD2 (p<0.001, Table 2 ).
Dynamics of coagulation status in the perioperative period of bariatric surgery
We also aimed to assess the changes in hypercoagulability status from baseline to POD2. At baseline, 46 patients (76.7%) had G parameter <11 (Table 3) , but on POD2 13.0% of this group had G ³11. Out 14 patients (23.3%) showing hypercoagulability prior to surgery, as defined by G value ³11, 12 patients remained hypercoagulable on POD2 (Table 3) . Prior to surgery, 17 patients (28.3%) had MA ³68 mm and 14 of them remained hypercoagulable on POD2 (Table 3) . Forty-three patients (71.7%) had MA <68 mm at baseline, but 7 of them became hypercoagulable by POD2.
Analysis of correlation between TEG parameters and clinical or laboratory parameters
To assess the relationship between clinical variables and standard laboratory parameters with baseline TEG values, we performed correlation analysis (Table 4) . We did not observe a correlation between BMI and any of TEG parameters. Similarly, markers of inflammation, CRP, and erythrocyte sedimentation rate (ESR) also did not correlate with coagulation parameters recorded by TEG ( Table 4 ). Interestingly, we also observed a weak but significant correlation between age and r-time (R=-0.280, p=0.03), k-time (R=-0.259, p=0.046), and a-angle (R=0.260, p=0.045, Table 4 ).
Plasma fibrinogen levels show moderate predictive value for identifying individuals with G ³11 dynes/cm 2 or MA ³68 mm
To evaluate the potential of plasma fibrinogen levels to predict hypercoagulability measured by TEG, we performed ROC curve analysis. Figure 1 shows that plasma fibrinogen level could predict clot strength (G) ³11 dynes/cm 2 with area under the curve (AUC)=0.680 (95% confidence interval (CI): 0.53-0.80, p=0.044). The best cutoff point for fibrinogen to predict G ³11 was 3.97 g/l (sensitivity of 78.6% and specificity of 67.4%). ROC curve analysis of plasma fibrinogen levels to predict MA ³68 mm produced an AUC of 0.679 (95% CI: 0.53-0.83, p=0.041, Figure 2 ). The best cutoff point for fibrinogen to predict MA ³68 was 3.85 g/l, with sensitivity of 80.0% and specificity of 64.3% (Figure 2 ). Table 4 . Correlation analysis between TEG parameters and clinical or laboratory parameters prior to bariatric surgery. 
Discussion
The global increase in obesity rates has boosted the demand for bariatric surgery [22] . Much research has been targeted at establishment of optimal prophylactic anticoagulation regimens in bariatric surgery; however, a consensus over this strategy has not been achieved [7] . Although the incidence of thromboembolic complications in patients undergoing bariatric surgery is not very high, the mortality rates associated with PE in this subgroup of patients is striking [3] . Routine coagulation tests, including aPTT, INR, and platelet count, are not able to predict hypercoagulative status in the perioperative period [7] . Therefore, alternative testing and monitoring of coagulation status for identification of individuals at increased risk of VTE is needed.
In the present study we aimed to evaluate coagulation status in patients undergoing bariatric surgery and to assess dynamics of coagulation parameters in the perioperative setting using TEG. The major finding of our study is that many patients referred to bariatric surgery show a trend towards hypercoagulability on TEG. We used TEG cutoff values of G ³11 dynes/cm 2 and MA ³68 mm to define hypercoagulability based on previous studies that have shown these thresholds to be linked with thrombotic events [15, 17, 21] . Our results also show that fibrinogen level is the only indicator of hypercoagulative state among the routinely used laboratory parameters; however, used alone, it is not able accurately predict hypercoagulative status. We believe that the results of our study add new insights into the monitoring of coagulation status in bariatric surgery.
An increasing number of studies show the importance of TEG for monitoring of coagulation status in the perioperative period [15, 16] . The major finding of the present study is that many patients referred to bariatric surgery show hypercoagulability as determined by TEG in the perioperative setting. Based on results of previous studies, we used G ³11 dynes/cm 2 to define a hypercoagulable state [15, 17] . Kashuk et al. found that strongest predictor of VTE in surgical patients was elevated G value; for every 1 dyne/cm 2 increase in G, the odds of a VTE increased by 25% [15] . A significant proportion (23%) of our patients were in hypercoagulable state prior to surgery, which supports previous data obtained by ROTEM analysis [17] . It is important to point out that 18 patients (30%) also had G ³11 at POD2. We routinely stop low molecular weight heparins (LMWH) on discharge and this group of patients might benefit from extended antithrombotic prophylaxis, but this remains to be assessed in further studies. Interestingly, we followed all our patients for clinically evident thrombotic complications for 1 year after the study and none of them had thrombotic events during the follow-up period.
The other TEG parameter that may be used to identify hypercoagulable states and to predict DVT in the postoperative period is MA [19] . Recent studies have also shown that MA parameter ³68 mm is linked with increased risk of thrombotic complications and postoperative myocardial infarction [21] . It is worth pointing out that in our study 17 out 60 patients had MA ³68 mm prior to surgery, but this proportion did not increase dramatically at POD2 (28.3% and 35.0%, respectively); however, Forfori et al. [18] showed a substantial (from 20% to 50%) increase in the percentage of patients with MA ³68 mm by POD3. A potential reason why we did not observe a significant increase in the proportion of patients with MA ³68 on POD2 could be the shorter overall surgery time (91.4±20.0 min) as compared to the Forfori et al. study [18] , in which average duration of surgery was 120±37 min. Another reason might be related to the different regimens used for thrombosis prophylaxis. In our study, patients received dextran solution during induction of anesthesia. Dextran is known for its anti-platelet activity realized through reduction of platelet adhesion to von Willebrand factor and impairment of platelet activation by thrombin [23] . We also observed a significant increase in r-time from preoperative levels to POD2. These results indicate that a prophylactic regimen of 0.3 ml Fraxiparine qd started on POD1 seems to reduce activation of the coagulation system in the postoperative period, similar to the prophylaxis regimen based solely on Fraxiparine [18] .
Pivalizza et al. were the first to show that morbidly obese patients have accelerated fibrin formation and higher MA values than lean patients referred to elective surgery, as determined by TEG [24] . In our study, the patients with clot strength G ³11 dynes/cm 2 had higher average plasma fibrinogen concentration than patients in the G <11 group, and these findings support previously published results [17] . We observed significant correlations between fibrinogen concentration and k-time, a-angle, MA, and G values as determined by TEG. To evaluate the potential of plasma fibrinogen levels to predict hypercoagulability measured by TEG, we performed ROC curve analysis. Plasma fibrinogen level predicted clot strength (G) ³11 dynes/cm 2 with an AUC=0.680 and the optimal cutoff point for fibrinogen to predict G ³11 was 3.97 g/l. Similarly, ROC curve analysis of plasma fibrinogen levels to predict MA ³68 mm resulted in AUC of 0.679 with an optimal cutoff point for fibrinogen at 3.85 g/l. Similar cutoff values of fibrinogen for prediction of hypercoagulability were observed in a Spanish study [17] . Our results show that fibrinogen level is the only indicator of hypercoagulative state among routinely used laboratory parameters; however, moderate AUC values obtained in the study should be reassessed in larger studies. It is worth pointing out that some studies have shown that hyperfibrinogenemia is a potential factor in heparin resistance, and these patients might need enhanced VTE prophylaxis regimens [20] .
Obese patients have a higher prevalence of inherited and acquired thrombophilias compared to the general population [25] . Diabetes, which is closely linked to obesity, is also related to increased incidence of recurrent DVT [26] . A recent study has reported that the inflammation biomarker CRP was associated with hypercoagulable states evaluated by ROTEM in a group of patients referred to bariatric surgery [17] . In the present study we did not observe a significant correlation between TEG parameters and CRP or ESR levels. Several previous studies have shown that BMI increases the risk of VTE [27, 28] . In the present study, BMI did not correlate with TEG values, which was also observed previously by a research group [17] . A recent study showed that central obesity, but now overall weight, is linked with increased thrombin generation [29] and is a better predictor of complications [17, 28] .
This study has certain limitations that need to be acknowledged. Firstly, it was not aimed at determining the optimal anticoagulation regimes for bariatric surgery, and that remains a challenging task in further studies. We have selected the TEG cutoff values based on some previous studies that have shown these thresholds to be linked with the risk of thrombotic events and used them in earlier studies: G ³11 dynes/cm 2 [15, 17] and MA parameter MA ³68 mm [21] ; however, we agree that the prediction of prothrombotic states based on TEG results only is difficult and further research in the field is required. We also did not use Doppler ultrasound to monitor subclinical vein thrombosis; therefore, we might have missed some cases of obscure vein thrombosis in the follow-up. To date, it is not clear whether patients showing hypercoagulation parameters on TEG should be managed differently, and the optimal strategies for DVT prevention in this group have yet to be established in well-designed randomized clinical trials. Interestingly, some studies have suggested the need for extended anticoagulation regimens after bariatric surgery because some DVT occurs later after surgery [27] . We speculate that patients showing hypercoagulability on POD2 by TEG might benefit from receiving a prolonged prophylactic anticoagulation, but this needs to be assessed in further studies. Potentially, a combination of TEG results and other coagulation markers could provide more accurate prediction models, and this needs to be established in the future. Bariatric surgery is clearly associated with significant weight loss and will retain a major role in treatment of morbid obesity [26] . Furthermore, the balance between the risk of bleeding and risk of thrombotic complications remains very important, posing further challenges in the field.
Conclusions
A considerable proportion of patients referred to bariatric surgery show a trend towards hypercoagulability as determined by TEG. This study shows the potential of hypercoagulation monitoring by TEG in the perioperative setting of bariatric surgery. Plasma fibrinogen levels show moderate ability to predict hypercoagulation as determined by TEG.
